The degenerin channels, epithelial sodium channels, and acid-sensing ion channels (DEG/ENaC/ASICs) play important roles in sensing mechanical stimuli, regulating salt homeostasis, or responding to acidification in the nervous system. They share a common topology with two transmembrane domains separated by a large extracellular domain and are believed to assemble as homomeric or heteromeric trimers into non-voltage gated, sodiumselective, and amiloride-sensitive ion channels. Amiloride is not the only drug that targets DEG/ENaC/ASICs, however, they are also emerging as a target of nonsteroidal antiinflammatory drugs (NSAIDs) as well as other classes of small molecules. C. elegans has about 30 genes encoding DEG/ENaC/ASIC subunits and thus offers an excellent opportunity to examine variations in sensitivity to small molecules and biophysical properties. Here, we analyzed a subset of the C. elegans DEG/ENaC/ASIC proteins in order to test the hypothesis that individual family members have distinct properties. Toward this goal, we expressed five C. elegans isoforms in Xenopus laevis oocytes (DEGT-1d, DEL-1d, UNC-8d, MEC-10d and MEC-4d) and measured current amplitude, selectivity among monovalent cations, sensitivity to amiloride and its analogs, and sensitivity to NSAIDs. Of these five proteins, only DEGT-1d, UNC-8d, and MEC-4d form homomeric channels. Unlike MEC-4d and UNC-8d, DEGT-1d channels were insensitive to amiloride and its analogs and more permeable to K + than to Na + . As reported for rat ASIC1a, NSAIDs inhibit DEGT-1d and UNC-8d. Unexpectedly, MEC-4d was strongly potentiated by NSAIDs, an effect that was decreased by mutations in the extracellular domain that affect inhibition of rat ASIC1a. Collectively, these findings reveal that not all DEG/ENaC/ASIC channels are amiloride-sensitive and sodium-selective and that NSAIDs can both inhibit and potentiate these channels.
Introduction
(300 μM) for 2-9 days, as described (Brown et al., 2007) . To minimize the impact of variation in expression efficiency and endogenous ion channels, we report data from oocytes derived from at least three donor frogs for each channel isoform.
Whole-cell recordings and external solutions
Membrane current was measured by two-electrode voltage-clamp (TEVC; OC-725C, Warner Instruments, LLC) at room temperature (21-24°C). Electrodes (~0.3 MΩ) were fabricated from borosilicate glass (G100TF-4, Warner Instruments, LLC) on a horizontal puller (P-97; Sutter Instruments) and filled with 3 M KCl. Analogue signals (current, voltage) were digitized (Instrutech, , filtered at 200 Hz (8-pole Bessel filter), and sampled at 1 kHz. A 60-Hz notch filter (FLA-01, Cygnus Technology, Inc.) was used to reduce line noise. This equipment was controlled by Patchmaster software (HEKA) on a windows PC.
Unless otherwise indicated, oocytes were superfused with control saline containing (in mM) Na-gluconate (100), KCl (2), MgCl2 (2), CaCl2 (1) and HEPES (10), adjusted to pH 7.4 with NaOH. Drugs were diluted from stock solutions and added to control saline. To measure relative permeability ratios (Px/PNa), we omitted the 2 mM KCl in the control saline solution and replaced Na-gluconate (100) with K-gluconate (100), NMG-gluconate (100), Cs-gluconate (100) and Li-gluconate (100), adjusted to pH 7.4 with gluconate. For pH 6.4 and 8.4 solution, we replaced HEPES in the control saline with 10 mM PIPES and 10 mM TAPS, respectively.
We purchased putative antagonists and agonists from the indicated suppliers and established stock solutions in DMSO. We used stock solutions of 0.1 M, except for phenamil (0.01M) and when we were using ibuprofen and aspirin in the dose-response experiments (0.24 M). Drugs were obtained from these suppliers: amiloride (Sigma-Aldrich, A7410), benzamil (Sigma-Aldrich, B2417), 5-(N-Ethyl-N-isopropyl)amiloride (Sigma-Aldrich, A3085), phenamil (Cayman Chemical, 14308) , benzamidine (Fluka, 12072) , ibuprofen (Sigma-Aldrich, SLBR3566V), R-ibuprofen (Cayman Chemical, 16794), S-ibuprofen (Cayman Chemical, 375160), aspirin (Sigma-Aldrich, A2093), salicylic acid (Sigma-Aldrich, S5922), diclofenac (Sigma-Aldrich, D6899), flurbiprofen (Sigma-Aldrich, F8514).
Measuring current, drug sensitivity, and reversal potentials
We used two voltage protocols to measure membrane current and its response to amiloride analogs and NSAIDs: a voltage ramp (from -100 to +100 mV in 1 s) and voltage steps (from -100 to +40 mV or +60 mV, in 20 mV increments). Both protocols included a conditioning step to -85 mV, which we used to measure current amplitude. In all cases, the holding potential was -60 mV. We applied these protocols repetitively during the application of drugs and solutions with modified ion composition; the ramp protocol to measure reversal potentials.
To measure the change in current upon drug application, the step and ramp protocol ( Fig.   1A ) was applied repetitively and the mean current at -85 mV (200 ms step) in different solutions was averaged over the last three step and ramp repetitions. A voltage ramp (from −100 to +100 mV in 1 s) was applied after a 100 ms step to -100 mV and reversal potentials calculated for different solutions. To calculate drug sensitivity at different voltages and reversal potentials to calculate relative permeabilities, we applied a similar voltage protocol with voltage steps from -100 to +40 or +60 mV in 20 mV increment steps. In both cases, three replicates of the voltage step protocol were averaged.
To calculate permeability ratios, Px/PNa, we measured reversal potentials derived from voltage steps in solutions containing different monovalent cations and used the following 
Data Analysis & Figures:
Mean values and reversal potentials were calculated using MATLAB (R2014b) (https://github.com/wormsenseLab/AnalysisFunction.git). ANOVA (two-way) followed by multiple comparison with the Holm-Sidak method (P< 0.05) was performed in Sigma Plot 12.5.
Estimation statistics were performed in Python using DABEST, which is a package for Data Analysis using Bootstrap-Coupled ESTimation (Ho et al., 2019 Sequence analysis:
The following ion channel sequences were used for the phylogenetic tree: ACD-1 (C24G7.2), ACD-2 (C24G7.4), ACD-3b (C27C12.5b), ACD-4 (F28A12.1), ACD-5 (T28F2.7), ASIC-1 (ZK770.1), ASIC-2 (T28F4.2), DEG-1 (C47C12.6.1), DEGT-1 (F25D1.4), DEL-1 (E02H4.1), 
Results
Using heterologous expression in Xenopus oocytes, we determined whether five of the more than two dozen C. elegans DEG/ENaC/ASIC proteins can form homomeric ion channels.
The five proteins we studied, DEGT-1d, DEL-1d, UNC-8d, MEC-10d and MEC-4d, are expressed in three classes of mechanoreceptor neurons: touch receptor neurons (ALM, PLM, AVM, PVM), and polymodal nociceptors (ASH, PVD). Individual proteins were considered likely to form homomeric ion channels if total membrane current (measured at -85 mV) and its reversal potential differed from those measured in uninjected, control oocytes. We sought additional evidence by measuring ion selectivity and sensitivity to amiloride and its analogs as well as sensitivity to a panel of NSAIDs. To enhance constitutive currents and increase the likelihood of detecting DEG/ENaC/ASIC-dependent currents, we used mutant or d isoforms of each of these proteins linked to neuronal degeneration.
DEGT-1d, but not DEL-1d forms homomeric channels.
Previous research showed that the DEG/ENaC/ASIC subunits MEC-4d and UNC-8d, but not MEC-10d can form homomeric channels when exogenously expressed in Xenopus laevis oocytes (Goodman et al., 2002; Wang et al., 2013) . On average, oocytes expressing MEC-4d generated inward currents at -85 mV that were approximately 7-fold larger than those expressing UNC-8d and 17-fold larger than those expressing DEGT-1d. Oocytes expressing MEC-10d and DEL-1d, by contrast, generated currents that were indistinguishable from those recorded in uninjected oocytes ( Fig. 1A -I, Table 1 ). Consistent with prior reports that oocytes expressing DEG/ENaC/ASIC channels become sodium loaded during the incubation period (Brown et al., 2007; Canessa et al., 1994; Goodman et al., 2002) , membrane current reversed polarity near 0 mV in oocytes expressing MEC-4d and UNC-8d ( Fig. 1C , 1D, 1I and Table 1 ). UNC-8dexpressing oocytes had more positive resting membrane potentials (Table 1) following incubation in a medium containing benzamil (100 µM) in addition to amiloride (300 µM), as expected from its low affinity for amiloride (see Fig. 4E ). With these findings, we confirm prior work showing that MEC-4d and UNC-8d, but not MEC-10d forms homomeric channels in oocytes (Goodman et al., 2002; Wang et al., 2013) and show that DEL-1d is not likely to form ion channels on its own.
Oocytes expressing DEGT-1d generated small currents at -85 mV and these currents reversed polarity at significantly more positive potentials than those recorded from uninjected cells and those expressing MEC-10d and DEL-1d. The reversal potential of DEGT-1d currents was also significantly more negative than those recorded from cells expressing MEC-4d and UNC-8d ( Fig. 1 E-I and Table 1 ). Together, these findings suggest that DEGT-1d is sufficient to generate an ion channel whose properties differ from channels formed by MEC-4d and UNC-8d.
To verify that DEGT-1d is able to form homomeric channels, we sought recording conditions in which the current could be potentiated or blocked. As other members of this superfamily form acid-sensitive ion channels, we tested the effect of changing pH on currents carried by DEGT-1d, MEC4-d, UNC-8d. Switching from solutions from pH 8.4 to 6.4 decreased current carried by DEGT-1d and, to a lesser degree, MEC-4d ( Fig. 1J ). By contrast, acidification appeared to potentiate UNC-8d currents (Fig. 1J ). Collectively, these findings indicate that DEGT-1d forms a homomeric channel with properties that differ from most other DEG/ENaC/ASIC channels and suggest that alkalization could enhance DEGT-1-dependent currents in vivo.
<insert Figure 1 near here> <Insert Kellenberger et al., 1999; Palmer, 1987) . ASICs exhibit much lower PNa/PK ratios of 1-14 (Gründer and Pusch, 2015; Voilley, 2004) . The reversal potential of homomeric DEGT-1d channels compared to MEC-4d and UNC-8d suggested to us that DEGT-1d channels differ in their ion permeability properties. We addressed this question by measuring the relative permeability of DEGT-1, UNC-8d, and MEC-4d to a series of monovalent cations (Fig. 2) . The permeability of DEGT-1d is dramatically different from MEC-4d and UNC-8d with PNa ≈ PK ≈ PCs > PLi > PNMG ( Fig. 2A , Table 2 ). The permeability of UNC-8d is similar to MEC-4d: PLi > PNa > PK ≈ PCs ≈ PNMG (Fig. 2B , Table 2 ). Our results differ from prior reports that UNC-8d channels are less permeable to Li + ions than they are to Na + ions (Wang et al., 2013) .
This discrepancy may stem from inferring permeability from current amplitude (Wang et al., 2013) vs. bi-ionic changes in reversal potential (this study). The permeability of codon-optimized MEC-4d to Li + , K + , Cs + , and NMG + relative to Na + , Px/PNa was similar to prior studies of MEC-4d encoded by the native C. elegans codons (Brown et al., 2007; Goodman et al., 2002) with
PLi > PNa > PK ≈ PCs ≈ PNMG (Fig. 2C , Table 2 ). Thus, cRNAs derived from codon-optimized expression plasmids generate ion channels with properties that are indistinguishable from those derived from native sequences. To our knowledge, DEGT-1d is the first DEG/ENaC/ASIC subunit which is equally permeable to K + and Na + , a finding which has implications for the in vivo function of this channel as well as for variations in biophysical properties within the DEG/ENaC/ASIC superfamily.
<insert Figure 2 near here> <Insert Table 2 near here>
Unlike MEC-4d and UNC-8d, DEGT-1d is insensitive to amiloride analogs
The DEG/ENaC/ASIC ion channel family is also known as the amiloride-sensitive ion channel (ASC) family (Goodman and Schwarz, 2003; Hanukoglu and Hanukoglu, 2016; Kellenberger and Schild, 2002) , suggesting that channels formed by these proteins are sensitive to the diuretic amiloride and its derivatives. Indeed, both MEC-4d and UNC-8d are known to be blocked by amiloride (Goodman et al., 2002; Wang et al., 2013) . MEC-4d has a micromolar affinity for amiloride and UNC-8d is 45-fold less sensitive to amiloride (Brown et al., 2007; Goodman et al., 2002) . To learn more about amiloride block as a shared, but potentially variable property of DEG/ENaC/ASIC channels, we tested DEGT-1d, UNC-8d, and MEC-4d for sensitivity to amiloride (Amil) and four analogs: benzamil (Bmil), 5-(N-Ethyl-Nisopropyl)amiloride (EIPA), phenamil (Phen), and benzamidine (Bzd) ( UNC-8d is inhibited not only by amiloride and benzamil (Wang et al., 2013 , Miller-Flemming et al., 2016 , but also by EIPA, phenamil and benzamidine ( Fig. 4E ). None of these compounds had any detectable effect on currents measured in control (uninjected) oocytes. Thus, these measured drug-sensitive currents are likely to be carried entirely by UNC-8d or MEC-4d.
Amiloride analogs block UNC-8d currents with different degrees of potency. In ascending order of potency, UNC-8d was blocked by amiloride, phenamil, benzamidine, EIPA and benzamil. The
reported IC50 values for UNC-8d channels for amiloride at -100 mV are 7.8 µM in divalent and 106 µM in divalent free solution (Wang et al., 2013) . The reported IC50 values for UNC-8d channels for benzamil at -100 mV are 47 µM in divalent and 119 µM in divalent free solution (Miller-Flemming et al., 2016) . In this study, we determined an IC50 for benzamil in control saline (divalent solution) of 14.8 ± 1.6 µM (n =4) at -60 mV (15.1 µM at -100 mV) ( Supplementary Fig. 1A-C) . In contrast to amiloride inhibition, the apparent affinity to benzamil was indistinguishable at voltages between -100 and -20 mV, indicating that the block through benzamil is not voltage-dependent.
Similar to UNC-8d, MEC-4d is inhibited not only by amiloride, benzamil and benzamidine (Brown et al., 2007) , but also by EIPA and phenamil. However, the order of potency differed from UNC-8d. In ascending order of apparent potency: MEC-4d was blocked by benzamidine < amiloride ≈ EIPA ≈ phenamil < benzamil. The similar potency of amiloride and EIPA was unexpected and we analyzed this drug further by collecting full dose-response curves for EIPA inhibition of MEC-4d ( Supplementary Fig. 1D -E). The half-blocking dose or IC50 for EIPA was 3.06 ± 0.6 µM (n = 11) at -60 mV ( Supplementary Fig. 1E ), which is indistinguishable from the IC50 for amiloride (2.35 ± 0.39 µM (n = 7) at -60 mV (Brown et al., 2007) . It has been shown that the block through amiloride in ENaC, MEC-4d and UNC-8d depends on the transmembrane potential difference in such a way that hyperpolarization of the membrane increases channel block (Kellenberger & Schild 2002 , Brown 2007 , Wang 2013 . The apparent affinity to EIPA was indistinguishable at voltages between -100 and -20 mV ( Supplementary Fig. 1F ). Thus, at the voltages tested, the block of MEC-4d current with EIPA is not voltage-dependent, in contrast to the block with amiloride. Collectively, these results show that MEC-4d is blocked by many amiloride analogs, in order of potency: benzamidine (196 µM) < EIPA (3.06 µM, this study) ≈ amiloride (2.35 µM) ≈ phenamil (TBD) < benzamil (0.83 µM) (Brown, 2007) .
If all of these drugs were to function as open channel blockers like amiloride, then the dramatic difference in the potency of amiloride-related drugs among DEGT-1d, UNC-8d and MEC-4d channels implies that these channels differ in the molecular pathways by which drugs access their presumptive binding site or the nature of the binding site in the ion conduction pathway. The former idea seems more likely since the conserved second transmembrane domain of DEG/ENaC/ASIC proteins has long been thought to line the ion conduction pore (Kellenberger et al., 1999; Snyder et al., 1999) . as an additional window into shared, but variable properties of DEG/ENaC/ASIC channels.
The five NSAIDS tested had either no detectable effect on DEGT-1d and UNC-8d currents or produced a small inhibitory effect at 30 µM ( Fig. 5D, 5E ). Flurbiprofen (Fig. 5A, 5D ) and salicylic acid ( Fig. 5D ) blocked DEGT-1d current, while flurbiprofen ( Fig. 5B , 5E) and diclofenac ( Fig. 5E ) blocked UNC-8d current. Surprisingly, all five NSAIDs potentiated the MEC-4d currents (Fig. 5C, 5F ). These findings demonstrate that NSAIDs can function as antagonists or agonists of DEG/ENaC/ASIC channels, depending on the specific channel target.
<insert Figure 6 near here> Next, we collected dose-response curves for two NSAIDs (ibuprofen and aspirin) applied to cells expressing MEC-4d channels. To improve the sensitivity of these measurements, we reduced the baseline currents by injecting 1.6-fold less cRNA encoding MEC-4d for these experiments. The mean EC50 (± SEM) for ibuprofen and aspirin at -100 mV are 34.6 ± 0.9 µM (n = 12) and 79.9 ± 3.7 µM (n = 9), respectively ( Fig. 6A ). Neither drug showed evidence of voltage-dependence ( Fig. 6B ), suggesting that the binding site for these drugs lies outside the pore region. Ibuprofen is an enantiomer containing two chiral molecules and the S-isoform is the preferred ligand for its primary targets, the cyclo-oxygenase enzymes, COX-1 and COX-2 (Orlando et al., 2015; Selinsky et al., 2001) . In contrast, MEC-4d potentiation is equally sensitive to both ibuprofen enantiomers ( Fig. 6C ) and is less sensitive to ibuprofen than COX-1 and COX-2 (Blobaum and Marnett, 2007) . Collectively, these findings suggest that the bindings sites for NSAIDs differ in DEG/ENaC/ASIC channels and cyclo-oxygenases.
MEC-4d is not the only DEG/ENaC/ASIC channel affected by NSAIDs. rASIC1a is inhibited by ibuprofen and this allosteric effect depends on three positively charged and two hydrophobic residues near TM1 and TM2 (Lynagh et al., 2017b) . To learn more about the putative binding site for ibuprofen, which is proposed to include these five residues, we aligned and compared the sequences of seven C. elegans DEG/ENaC/ASIC channels with rASIC1a ( Fig.   6D ). We found that MEC-4 differs from rASIC1a at the three of these residues (Fig. 6D,   arrowheads ). Here, we focused on K422 in rASIC1a and E704, the glutamate at the homologous position in MEC-4 ( Fig. 6D, black arrowhead) . Comparing the effect of ibuprofen on MEC-4d
and MEC-4d[E704K], we found that ibuprofen potentiated both isoforms to a similar extent ( Fig.   6E, 6F, 6G ). The EC50 for ibuprofen was modestly increased in MEC-4d[E704K], but unaffected in MEC-4d[E704A] (Fig. 6H ). A similar shift was observed for potentiation by aspirin (Fig. 6I ).
This differs from allosteric inhibition of rASIC1a, which is significantly impaired by introducing alanine into this position (Lynagh et al., 2017b) . In an effort to learn more about the channel domains responsible for these differences between rASIC1a and MEC-4d, we designed constructs encoding chimeras of these two channels. These chimeras did not generate any detectable current even when co-expressed with MEC-2. Nevertheless, these findings imply that the NSAIDs share a similar binding site in MEC-4d to the one proposed for rASIC1a and ibuprofen binding cause either inhibition or activation.
Discussion

DEG/ENaC/ASIC channels differ in their ion selectivity
DEG/ENaC/ASIC channels are generally considered to be sodium-selective ion channels, but are also permeable to alkali metal ions in descending order of relative permeability, Li + >Na + >K + >Cs + . Members of this family of ion channels differ in their selectivity for Na + over K + ions. The ENaC channels are 100-fold more permeable to Na + than to K + and ASIC channels have permeability ratios in the range of 5-14 [reviewed in (Gründer and Pusch, 2015) ]. The relative permeability of MEC-4d and UNC-8d (Table 2) is similar to that found for ASIC channels, but DEGT-1 is slightly more permeable to K + than it is to Na + or Li + ions (Fig. 2 , Table 2 ). Together with other studies (Li et al., 2011; Lynagh et al., 2017a) , this unexpected finding suggests DEG/ENaC/ASIC channels select among cations using a mechanism that is more complex than the size of the dehydrated or hydrated ion.
There are elements of the DEGT-1 sequence and structure might account for this difference in selectivity. The conserved TM2 domain forms the ion conduction pore of all DEG/ENaC/ASIC channels and ionic selectivity was initially proposed to depend on a conserved GAS motif (Kellenberger et al., 1999; Snyder et al., 1999) , that forms the narrowest part of the pore in crystal structures (Baconguis et al., 2014) . Recent studies of the energetics of permeation suggest that this motif contributes a barrier to K + permeation, but is not the locus of Na + selectivity (Lynagh et al., 2017a) . In DEGT-1, this motif is modified to GAT (Fig. 6D ), raising the possibility this variation reduces the barrier to K + permeation. In crystal structures of ASIC1a, these three amino acids are in an extended conformation and divide TM2 into an upper, 
Sensitivity to amiloride and its analogs
Developed in 1967 to treat hypertension, amiloride is listed an essential medicine by the world health organization (World Health Organization, 2019). Many amiloride derivatives have been developed and we leveraged this collection of potential inhibitors to evaluate the sensitivity of DEGT-1d, UNC-8d and MEC-4d to a panel of five amiloride analogs (Fig. 4) . Whereas both MEC-4d and UNC-8d were inhibited by at least one amiloride analog, DEGT-1d was not obviously affected by any of the five amiloride analogs we tested. UNC-8d currents differed from MEC-4d in their sensitivity to amiloride analogs. In particular, UNC-8d currents are more sensitive to inhibition by benzamil and EIPA than to either amiloride or phenamil. Four of the five compounds inhibited currents carried by MEC-4d at a constant dose of 30 µM. [Benzamidine had little or no effect on MEC-4d at this concentration, but does block MEC-4d currents at higher doses (Brown et al., 2007) .] Benzamil was the most potent inhibitor of MEC-4d currents, followed by amiloride, EIPA, and phenamil ( Fig. 4F, (Brown et al., 2007) ). Single-channel recordings 
Sensitivity to NSAIDs and their analogs
The primary function of non-steroidal anti-inflammatory drugs or NSAIDs is to inhibit prostaglandin synthesis by inhibiting cyclo-oxygenase-1 (COX-1) and COX-2 enzymes (Day and Graham, 2013; Weissmann, 1991) . These compounds also inhibit DEG/ENaC/ASIC channels (Lingueglia and Lazdunski, 2013; Voilley, 2004; Voilley et al., 2001) and this effect may contribute to their efficacy as analgesic agents. In particular, ibuprofen decreases proton-gated currents carried by rASIC1a channels and sensitivity to ibuprofen depends on residues in the extracellular domain positioned within a pocket of positively charged and aromatic residues near the transmembrane domains (Lynagh et al., 2017b). Building on this finding, we tested our channels for sensitivity to five NSAIDS at a constant 30µM dose (Fig. 5F, Fig. 6 ). Only 1-1 out of 5 modestly inhibited DEGT-1d ( Fig. 5D ) and UNC-8d ( Fig. 5E ), whereas all of these compounds strongly activated MEC-4d currents (Fig. 5F ).
The NSAID ibuprofen potentiates MEC-4d currents in a dose-dependent manner (Fig. 6A) , but functions as a negative allosteric modulator of proton-gated ASIC1a currents (Lynagh et al., 2017b) . Based on our finding that mutating E704 decreases the apparent affinity for ibuprofen ( Fig. H) , we propose that MEC-4d shares an analogous ibuprofen binding site with ASIC1a. This raises the question of how ibuprofen binding might enhance MEC-4d current and suppress ASIC1a current. In ASIC1a, ibuprofen and protons elicit opposing conformational changes at the top of the pore-lining second transmembrane domain (Lynagh et al., 2017b) , supporting the idea that ibuprofen is a negative allosteric modulator of proton-dependent ASIC1a gating. If a similar conformational change were associated with NSAID binding to MEC-4d, then it would be uncoupled to proton binding (MEC-4d is not activated by protons) and we would infer that the motion is associated with an increase in channel gating. Future work will be needed to resolve the exact nature of the allosteric interactions between ibuprofen binding and channel gating, however.
The differential response of MEC-4d and ASIC1a presents an avenue for further study.
<Insert Fig 7 here>
Concluding remarks
The DEG/ENaC/ASIC channels are unique: unlike any other classes of ion channels, they are only present in metazoan genomes (Katta et al., 2015; Liebeskind et al., 2015) . Phylogenetic studies indicate that this gene superfamily has undergone expansions within certain animal lineages, including nematodes and insects (Liebeskind et al., 2015) . Based on the initial structure of ASIC1a, the extracellular domain of these channels is divided into subdomains resembling the parts of a hand-including thumb, palm, and finger (Jasti et al., 2007) . By analyzing a subset of C. elegans DEG/ENaC/ASIC proteins, we extend understanding of the functional diversification of this ion channel superfamily. In particular, we show that DEGT-1 is more permeable to K + than Na + and has no significant response to amiloride or the four derivatives we tested. To our knowledge, this is the first member of this family to have these properties. From the subset of DEG/ENaC/ASIC studied, interestingly DEGT-1 is the most phylogenetic distant (Fig. 7) . We also identified NSAIDs as potential inhibitors of DEGT-1d currents and positive modulators of MEC-4d currents. Collectively, we demonstrate that each of the proteins able to form homomeric channels in Xenopus oocytes exhibits a unique pharmacological footprint within two drug families. 
Mean values for the resting membrane voltage (Vrest),reversal potential (Vrev) and current (Im) under voltage clamp conditions at the beginning of each recording session. Vrev was calculated from the ramp protocol in Fig 1A and Im was measured within the same protocol at a -85mV step.
Given are mean values ± SEM and number of experiments in parenthesis (n). Estimation statistics for Fig. 1H and 1I are described as a change in voltage (DVrev) and change in current (DIm) compared to uninjected oocytes, the 95% confidence interval [in mV or µA], and a two-sided pvalue of the Mann-Whitney test. 
Ionic permeability relative to that for Na + (Px/PNa) was measured for indicated channels in two- 
